The study was mainly focused on estimation of monetary policy reaction function and degree of sterilization for the sample comprising of Pakistan, Korea, Philippines and Japan by using quarterly data ranging from 1980-1 to 2007-2. The study has used Johansen multivariate co integration technique. We conclude that over the period of study all the central banks of these countries have conducted a strong sterilization policy, but not fully sterilized the capital inflow. These countries have used the sterilization policy, though it is different in magnitude for different countries. Results show that in all the economies whether they are agriculture or non-agriculture they sterilized their capital inflows in the long run. Short run adjustment towards the long run equilibrium shows high value of adjustment for Korea and Philippines while for Pakistan its coefficient shows very little adjustment. On the other hand Korea and Philippines has shown comprehensive adjustment policies towards long term adjustment.
Introduction
Two main economic events have been dominant in the emerging market economies during and after 90's is the substantial increase in capital inflows compared to the 80's, and the repeated balance of payments crises associated with the sudden reversals of these flows. Capital flows to Latin America, which averaged less than $ 20 billion a year in the 80's and approximately $ 11 billion during its second half, increased to $ 70 billion a year during the 90's (IMF, 1999) . In developing Asia capital flows increased from an average of $14.9 billion a year in the 1985-89 period to $ 40 billion a year from 1990 to 1994 (Calvo et al., 1994) . The volatility of capital flows has also increased. Sudden swings in capital flows have been followed in most cases by sharp balance of payments crises and deep economic contractions (Calvo, 1998) .
Last decade has passed since the revival of international capital flows to many developing countries. About US$460 billion of foreign capital has flowed to developing countries in Asia and Latin America in the early 90's or about three-and-a-half times the US$133 of the late 80's, when there was a debt crisis and many of these countries had little or no access to international capital markets. These huge inflows in recent years may cause serious problem and choices for appropriate economic policy.
According to Calvo, et al (1994a, b) recent surge in capital inflows was initially attributed to domestic developments, such as the sound policies and stronger economic performance of these countries. Large capital inflows are often linked with a fast monetary expansion, inflationary pressures, real exchange rate appreciation, and widening current account deficits. In later period it was clear that these capital flows were universal, affecting countries with very different characteristics. During this time short-term interest rates in the United States were declining gradually and by late 1992 it was at its lowest level since the early 1960s. Further, a recession in several industrial countries made profit opportunities in developing countries appear relatively more attractive. While this turn of events was indication as good news in most developing countries, policymakers there became concerned about its sustainability. This capital flow to these countries was a blessing to them because developing countries face the problem of capital accumulation. This proved to be an opportunity for developing countries to use this capital flow for their development.
In the light of this capital flows to the developing countries, it became interesting to study the behavior of these countries that how they managed to tackle these capital inflows. Capital recipient countries were also under pressure because of exchange rate appreciation, widening of balance of payment deficit and inflation. There are many ways to handle this phenomenon; the most commonly used is sterilization policy. Sterilization is defined as the sale of domestic assets by central bank in order to off set an increase in the monetary base due to purchase of foreign assets. Under different exchange rate regime there are different policy tools to deal with such case. In managed floating exchange rate system, the central bank may respond to exchange market equilibrium by changing either the international reserves or the exchange rates.
Many developing countries responded the situation in different ways or according to situations of their economy and try to get benefits from increasing capital inflows in recent years. Mostly this is regarded as a very welcome phenomenon, raising levels of investment and encouraging economic growth. But increase in capital inflows can have two types of effects, a tendency for the local currency to gain in value, reducing the competitiveness of export industries, and giving rise to inflation. Capital inflows result in a buildup of foreign exchange reserves. As these reserves are used to buy domestic currency, the domestic monetary base expands without a corresponding increase in production, which would result in inflation. This paper is an attempt to study the huge capital inflows and experience of some selected sample of the Asian countries, that how these selected countries managed to tackle this huge capital inflow. The sample consists of Pakistan, Japan, Korea and Philippines. The selection of this sample is mainly attributed to the availability of quarterly data over the specific time period for certain variables. This sample consists of industrial countries, agriculture economies, developing and developed countries. The study will focus on the estimation of the monetary policy reaction function and the degree of sterilization for selected sample.
Literature Review
The theoretical framework for analysis and relationship between capital inflows, sterilization and monetary response is a combination of two approaches usually found in the literature related to the empirical analysis of this phenomenon. The estimation of the sterilization coefficient, as in much of the existing research, is based on the estimation of the monetary policy reaction function as in Cumby and Obstfeld (1989) . They derived the monetary policy reaction function by assuming that the central bank neutralizes the monetary effects of capital inflows from abroad by changing its domestic or net assets. While in the literature, the estimation of the offset coefficient is mostly based on the theoretical framework set by Kouri and Porter (1974) . They derived a model of international capital flows assuming a small open economy with a fixed exchange rate regime. A number of new research papers on this topic refer to the basic theoretical frameworks set up in these two papers (e.g. Celasun et al., 1999 , Siklos, 2000 , Jan et al, 2005 and Emir et al., 2000 . Moreno (1996) , using four-variable vector autoregression model, explored the response of monetary authorities in Korea and Taiwan. This paper has developed an empirical model to analyze the monetary implications of intervention and sterilization policies in Korea and Taiwan. First conclusion of the study was that in both the economies, the sterilization is an important element of the response to shocks to foreign assets. Shocks to foreign assets were largely offset by shocks to domestic credit, and were generally associated with little net change in reserve money, especially in the case of Taiwan. The author made second conclusion that there are some differences in the responses of Korea and Taiwan that indicate that Korea may be more protected from foreign asset shocks. Shocks to foreign assets are quickly reversed in Korea, while they appear to be much more longer in Taiwan. The author says that this may reflect more persistent foreign exchange market speculation in Taiwan made possible by less restrictive capital controls. In addition, Korea has have a tendency to sterilize shocks to foreign assets more fully than has Taiwan, achieving a smaller change in exchange rate with a far smaller change in the money supply.
Frankel and Okongwu (1996) studied the major factors influencing emerging markets. Authors conclude that in the emerging-market countries U.S. interest rates are a very major determinant of financial conditions. Its effect is high and significant on portfolio capital flows and on local interest rates. The estimates for Mexico, suggests that a monetary expansion is followed by a capital outflow within the same quarter equal to 0.28 per cent of the increase in the monetary base, but it was not complete offset. This paper also finds the evidence against the view that the existence of country risk or remaining capital controls is the major reason why interest rates in recipient countries remained above U.S. interest rates in the period of 1990-94. Country risk, measured for example by the discount in the secondary debt market, is a significant determinant of country interest rates. But a decomposition of interest differentials into country premium and currency premium shows that the currency premium is generally larger. When countries have difficulty in sterilizing inflows, in the sense that the issue of domestic bonds drives up the local interest rate, the interest differential may be interpretable in large part as compensation for expected future depreciation. Sahadevan (1999) attempts to analyze the impact of monetary policy on the behavior of rupee exchange rate and international reserves during the controlled floating of rupee in India. Study analyses the efforts made by Reserve Bank of India to offset the pressure that monetary shocks exert on exchange rates and reserves. Based on the estimates of Girton -Roper model of exchange market pressure for the period between 1992:4 and 1999:3 by using Ordinary Least Square (OLS) method, the study examines the Reserve Bank of India's policy of maintaining exchange rate and reserves. Results indicate that Reserve Bank of India offsets though not completely the domestic monetary expansion (contraction) either by depreciation (appreciation) of rupee or by accumulating foreign exchange reserves or by some combination of both. The values of offset coefficient ranging between -0.81 and -0.93 show that the pressure on exchange rate and reserve level is partially neutralized by some other means. The controls on international trade and capital flows do provide effective protection from exchange market pressure.
Study by Siklos and Rogers (2001) provides an empirical assessment of the effectiveness of foreign exchange intervention in two small open economies. Study examine the intervention practices of the Reserve Bank of Australia and the Bank of Canada for a sample of daily data ranging from 1989 to the end of 1997. Results suggest that both central banks intervene in foreign exchange markets in response to excessive exchange rate volatility and uncertainty. In the study Volatility is measured by using the implied volatility of foreign currency futures options and uncertainty is proxied using the kurtosis of the implied risk-neutral probability density functions. The latter are derived using the implied volatility of options on foreign currency futures.
By using these techniques the authors find that central bank intervention in the foreign exchange market was largely unsuccessful in both countries though volatility and kurtosis were reasonably affected. The intervention reaction function estimates for Canada shows that the BoC and the RBA 'leaned against the wind'. The author found that foreign exchange activities of the BoC had no effect on implied volatility or uncertainty of extreme outcomes. While RBA interventions reduced implied volatilities but had no impact on kurtosis. As a result, intervention is not very ineffective at influencing the higher moments in the distribution of exchange rates. Carlson and Hernández (2002) , in an article studied the Mexican, Asian, and Russian crises of the mid-and late 1990s. Authors studied the determinants and effects of private capital flows. To test whether policy and real factors affect different types of the capital inflows, study have used panel data set. The data consist of annual observations from 1991 to 1998 for the sample of 16 countries. Study uses a panel data regression with fixed effects for each country and the seemingly unrelated regression technique (SUR) on a pooled sample with country and year dummies. This paper analyzes whether policies can affect the composition of capital inflows and whether different compositions worsen crises. Study found that while fundamentals matter, capital controls can affect the mix of capital inflows that countries receive. Study also finds that during the Asian crisis countries with more Yen denominated debt faired worse, while during the Mexican crisis larger short-term debt stocks increased the severity of the crisis.
Study also find that the currency value of debt, affected the severity of country's experiences during the Asian crisis, possibly because debt value was not matched to the country's exchange rate pegs and the debt was appreciating in value. Author also finds that in the Mexican crisis, there is some evidence that excessive amount of short-term debt to reserves led to the crisis. If exchange rate floats freely it will lead to increase the share of short-term debt in total capital inflows. Inversely by imposing restrictions on capital transactions, will tend to increase the share of Foreign Direct Investment.
The study by King (2002) concludes that foreign exchange intervention strategies should be chosen according to the objective for intervention. Author argues that inability of empirical studies to consider how objectives for intervention might vary over time is a shortcoming of this literature. According to study, change in objectives over time and the lack of data on why monetary authorities intervene, is a short coming of the this literature. In this study two categories of objectives are identified, policy objectives and tactical objectives. Policy objectives are longer-term in nature and concerned with the macro economy. Intervention to support policy objectives should be announced, supported by macro economic policy, coordinated with other monetary authorities.
Tactical objectives for intervention are short term and are concerned with the fluctuations of the foreign exchange market, such as the volatility or price action of the currency. Intervention to support tactical objectives should be conducted secretly, in large size and timed to take advantage of supportive economic releases. Study argue that secrecy may be desired in theory, in practice it is hard to obtain because of the dynamics of the foreign exchange markets. King (2002) Buscaglia (2003), model a general equilibrium framework for the relationship between the sterilization of capital inflows and balance of payments crises. Study shows that, an attempt to sterilize capital inflows in an economy facing a temporary decrease in the international interest rate, leads the economy to a balance of payment crises, while a pure Currency Board would handle it in a better manners. Study raises many objections on sterilization. It argues that it worsen the finances of the public sector. The Author have also shown that in the context of perfect foresight and perfect capital mobility sterilization is not effective in reducing the current account deficit. The results of the study suggest that BOPC are caused by an effort to sterilize the capital inflows that would follow from a temporary decrease in the international interest rate. It also analyze this argument empirically, which depends on the the magnitude of the interest rate decrease and time-extension.
The study by Qayyum and Khan (2003) has estimated domestic credit policy reaction function to analyze the monetary implications of interventions and sterilization policy in Pakistan. The study has used quarterly data ranging from1982-3 to 2001-2. Johansen multivariate co integration technique has been used in this study. The study found the central bank of Pakistan exercised the sterilization policy in Pakistan. The study estimated degree of sterilization about 72 percent in the long run. Further study applied error correction model and estimate that in the short run about 11 percent adjustments takes place towards the long run equilibrium. The results of error correction model also indicate that about 88 percent sterilization has taken place in the short run. The study also indicates that short run elastic ties are greater than the long run elastic ties. Cardarelli et al.(2009) , focused on a large group of emerging and advanced economies to examine the macroeconomic implications and policy responses to surges in private capital inflows over the period of 1987-2007. They found that episodes of large capital inflows to those countries are often associated with real exchange rate appreciations and deteriorating current account balances. They found that during episodes by keeping public expenditure growth steady can help limit real currency appreciation and foster better growth outcomes in their aftermath. Furthermore, resisting nominal exchange rate appreciation through sterilized intervention is likely to be ineffective when the influx of capital is persistent. Finally tightening capital controls has not in general been associated with better outcomes.
Igor Ljubaj, et al.(2010) explore the Croatian National Bank response to capital inflows in the period from 2000 to 2009 by estimating a sterilization coefficient, and to explore to what degree the central bank's activities in the domestic market spurred additional capital inflows by estimating an offset coefficient. They applied two stage least square Method (2SLS) to find the relevant explanatory variables that enabled the estimation of the mentioned coefficients. According to the estimated coefficients they concluded that during the period 2000 to 2009 the Croation national bank conducted a policy of partial sterilization of foreign inflows. Their estimated coefficients indicate that the central bank managed to preserve the relatively high autonomy and efficiency of its sterilization policy despite the liberalization of capital flows and their continued strengthening.
Model Specification and Data
The model for the estimation of degree of sterilization is taken from Qayyum and Khan (2003) . To examine the degree of sterilization, it is necessary to drive a domestic credit policy reaction function. The reaction function can be derived from two equations, which summaries the monetary approach to balance of payments.
In equation (1) 
Taking logarithms of equation (3) we obtain
Using logarithms of equation (1) and substituting in equation (4) we get the following equation
we can write equation(5) in the following estimable form
where lower case letters represents the logarithms of variables involved in equation (5),  0 = ln A and m t is the logarithm of money multiplier and u t is the error term.
The co-efficient of r t i.e.  6 is called as the sterilization coefficient. It measures the thrust of monetary policy to sterilize the impact of international reserve flow on the monetary base. The value of sterilization coefficient ranges from 0 to -1. If the value is 0, it means no sterilization. If the value is -1 it shows full sterilization. In our model sterilization co-efficient is  6. If the value of sterilization coefficient  6 is 0, then no sterilization has taken place. If  6 = -1, sterilization is complete. But when the results of regression are such that -1<  6 <0, sterilization is conducted incompletely by the central bank. Equation (6) may be subject to simultaneous bias. However, using multivariate co integration techniques, we can obtain unbiased long run elastic ties of the determinants of money demand and monetary base.
Estimation of Error-correction Model
In our above analysis if there exist long run co integration relationship between the variables, then the performance of the domestic credit policy reaction function can be improved by introducing short run dynamics into the static model. According to Granger (1987) representation theorem, if a co integration relationship exist between series of I(1) variables, then a dynamic error-correction representation also exist. The general form of the error correction model can be written as 
Estimation Techniques and Results
To estimate the time series data we will firs check the stationarity of the variables to obtain reliable estimates. To check the stationary level of the variables we apply Augmented Dickey-Fuller (ADF) test. If all the variables are I(1) stationary, we will apply co integration test to check for any long run co integration relationship between one or more variables by using Jahonsen (1988) and Johansen and Juselius (1990) multivariate technique. Then to get the significant values of target variables, the model will be estimated by using OLS estimation technique to estimate long run adjustments coefficients of the variables. Finally we will estimate short run error correction model by using Hendry's general to specific methodology to get short run adjustment coefficient.
Pakistan
For the purpose of estimation, the time series data should be stationary. Generally time series data on variables is non-stationery at levels (at 1% critical values). A non-stationery series becomes stationery when difference d times, is said to be integrated of order d, can be shown as X ~ I(d). We have used Augmented Dickey-Fuller (ADF) test to obtain stationery value of the variables. Table 1 shows the results of Augmented Dickey-Fuller (ADF) test at levels and at first difference. Table 1 shows that all the variables are non-stationary at levels at 1% critical value and they are stationary at I(1) at1% critical value, it means that (d, I*, I, m, q, r, y)~ I(1). As all the variable are I(1) stationary so there is possibility of long term co integration relationship between the variables
Japan
The Augmented Dicky Fuller test is applied on variables of Japan. All the variables for Japan tend to non stationary at levels. The results of unit root test for Japan are presented in table 2
[Insert Table 2 here]
The results of ADF test shows that all the variables are non stationary at levels and become stationary at the first difference. It means that all the variable are I(1) stationary for Japan.
Korea
The time series data on variables is non-stationery at levels at 1% critical values. Augmented Dickey-Fuller (ADF) test is used to determine the stationery value of the variables. Results are shown in the table 3 [Insert Table 3 here]
The above table shows that all the variables are non-stationary at levels at 5% critical value and they are stationary at I(1), it means that (d, I*, I, m, q, r, y)~ I(1) 
Philippines
For the purpose of estimation, the time series data on variables is non stationery at levels at 1% critical values. The Table 4 shows the results of the variables at levels and at first difference for Philippines [Insert Table 4 here] The table 4 shows that all the variables are non-stationary at levels at 5% critical value and they become stationary at I(1), it means that (d, I*, I, m, q, r, y 
)~ I(1) for Philippines

Co integration Analysis
For a time series data which is I(1) stationary, to check the co integration between the variables the Jahonsen (1988) and Johansen and Juselius(1990) multivariate technique is used. This technique uses likelihood ratio and eigenvalues to determine the co integration relationship. Likelihood ratio test uses the null hypothesis that there are at most r co integration vectors against the alternative of r+1 co integration vectors. The results are reported in Table 9 . The value of R square shows the good fit of the model for all the countries. While Durban Watson d statistic indicates that there is no autocorrelation in the data for all the countries in the sample. F-test also validates the significance of the models for all countries. The detailed description of results is given below:
Co integration test for Pakistan
The following table shows the results of co integration analysis for Pakistan:
[Insert Table 5 here]
Results in above table reject the null hypothesis of no co integration relation ship and indicate that there is one co integration relationship exist at 5% level of significance. It means that there exists long-term relation ship between variables.
Co integration test for Japan
As all the variables of Japan are I(1) stationary so we applied co integration test to the data series. Results are reported in the following table 6.
[Insert Table 6 here] Results in table 6 rejects the null hypothesis of no co integration between the variables and shows that there are two co integration equations at 5% significance level.
Co integration test for Korea
To test for any long run relationship among one or more variables, co integration test is applied to the data. Results are presented in the following table.
[Insert Table 7 here] The results in above table reject the null hypothesis of no co integration and indicate that there is one co integration equation among the series of data at 5% significance level.
Co integration test for Philippines
Results of co integration analysis are reported in the following Table 8 .
[Insert Table 8 here] The above results reject the null hypothesis of no co integration for Philippines and indicate that there two co integration equation at 5% significance level.
Long Run Estimates of sterilization
In the following table 9 we have presented the results of co integration equations for our sample countries.
[Insert Table 9 The results shown in the above table show that all the coefficient of variables are significant at 5% level of significance except the coefficient of domestic interest rate (i).
For Japan, the coefficient of sterilization ( 6 ) is estimated about -0.39193 which shows that the central bank of Japan sterilized about 61 percent of its capital inflows over the period of study.
For Korea, except for the coefficient of variable q all the coefficients of variables in the above table are statistically significant at 5% level of significance. The coefficient of sterilization is -0.74382 indicating that the degree of sterilization in Korea is 0.26. or Korea sterilized its foreign capital inflows by 26%.
Finally for Philippines, the above table the coefficient of sterilization is estimated about -0.43608 and is statistically significant. It means that the central bank of Philippines sterilized about 56 percent of its foreign capital inflows in the long run.
Error correction Model for domestic credit reaction function
The above model shows the static behavior of the variable over the data period. To introduce short run dynamics in the model and to estimate short run adjustment coefficients for all sample countries we estimated an error correction model. According to Granger (1987) representation theorem, if there exist co integration relationship between I(1) series of variables, then a dynamic error-correction representation also exist. By using Hendry's general to specific methodology, the following results have been obtained.
[Insert Table 10 here]
The value of R square shows the fit of the models is good for all the countries. While Durban Watson d statistic indicates that there is no autocorrelation in the data for all the countries in the sample. The detailed description of results is given below:
In the table 10 almost all the variables are statistically significant at 5% level of significance except the coefficients of q with all its lags, y(-1),and I*(-2). For Pakistan, the estimate of error correction term is 0.162523, which means that in one quarter about 16 percent adjustment takes place towards long run equilibrium. On the other hand the coefficient of foreign exchange reserves is -0.104523, which shows that the state bank of Pakistan sterilizes 88 percent of its capital inflows in the short run.
The short run adjustment coefficient is estimated by estimating error correction model for Japan. In the table above, the adjustment coefficient is statistically insignificant. Other wise it indicate that there is very little (0.0000107) adjustment takes place in every quarter towards long run equilibrium. Short run coefficient of foreign exchange reserves is estimated about -0.589545, which means that central bank of Japan sterilized its foreign exchange inflows by 59% in the short run.
The estimate of Error correction Model for domestic credit reaction function for Korea shows that short run adjustment coefficient, E(-1), is -0.969789 which shows that 97% adjustment towards long run equilibrium in a quarter took place. The coefficient of foreign exchange reserves is estimated about-0.75894, which shows that the central bank of Korea sterilized about 24 percent of its foreign capital inflows in the short run.
For Philippines, the results above show that in the short run adjustment coefficient is about 0.985045. It means that about 99 percent adjustment toward the long run equilibrium takes place in one quarter. The coefficient of foreign exchange reserves is -0.44455, which implies that central bank of Philippines, sterilized about 56 percent of its foreign capital inflows in the short run.
Summary and Conclusions
The study was mainly focused on estimation of monetary policy reaction function and degree of sterilization for the sample comprising of Pakistan, Korea, Philippines and Japan by using quarterly data ranging from 1980-1 to 2007-08. The study has used Johansen multivariate co integration technique. We conclude that over the period of study all the central banks of these countries have conducted a strong sterilization policy, but not fully sterilized the capital inflow. These countries have used the sterilization policy, though it is different in magnitude for different countries.
[Insert Table 11 here]
Summary of results in above Table 11 shows that sterilization coefficient over the sample period, for the selected countries, varies from 0.26 to 0.83. While in the short run it ranges from 0.24 to 0.88. Pakistan has sterilized most of its foreign capital inflows, as its coefficient of sterilization is highest in the long run (0.83) and in the short run (0.88). While the sterilization coefficient for Korea indicate that Korea has sterilized very less of its foreign capital inflows as its coefficient of sterilization estimated is 0.26 and 0.24 in the short and long run respectively. The short run adjustment coefficient to the long run equilibrium is lowest in Pakistan (0.16) and highest in the case of Philippines (0.99).
In the long run, the response of the industrial economy like Japan shows that it has sterilized about 61 percent of its foreign capital inflows, while in the cluster of non-industrial countries also showed a mixed response to the capital inflows in the long run. The degree of sterilization for Pakistan is estimated about 83 percent, while for Korea and Philippines it is about 26 percent and 57 percent respectively. It indicates that in all the economies whether they are agriculture or non-agriculture they sterilized their capital inflows in the long run.
Short run adjustment towards the long run equilibrium shows high value of adjustment for Korea and Philippines while for Pakistan it shows very little adjustment. For Pakistan it exhibits very short term policies to control for its monetary base. There may be some policy issues to expand the monetary base as it could be seen from current huge inflationary pressure on the economy. On the other hand Korea and Philippines has shown a comprehensive adjustment policies towards long term adjustment or it have long term monetary policy stances. 
